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It is likely that patients with chronic kidney disease (CKD)
have a limited understanding of their illness. Here we studied
the relationships between objective and perceived
knowledge in CKD using the Kidney Disease Knowledge
Survey and the Perceived Kidney Disease Knowledge Survey.
We quantified perceived and objective knowledge in
399 patients at all stages of non-dialysis-dependent CKD.
Demographically, the patient median age was 58 years,
47% were women, 77% had stages 3–5 CKD, and 83%
were Caucasians. The overall median score of the perceived
knowledge survey was 2.56 (range: 1–4), and this new
measure exhibited excellent reliability and construct validity.
In unadjusted analysis, perceived knowledge was associated
with patient characteristics defined a priori, including
objective knowledge and patient satisfaction with physician
communication. In adjusted analysis, older age, male gender,
and limited health literacy were associated with lower
perceived knowledge. Additional analysis revealed that
perceived knowledge was associated with significantly
higher odds (2.13), and objective knowledge with lower odds
(0.91), of patient satisfaction with physician communication.
Thus, our results present a mechanism to evaluate distinct
forms of patient kidney knowledge and identify specific
opportunities for education tailored to patients with CKD.
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Educating patients about chronic kidney disease (CKD) is an
essential component of comprehensive predialysis care,1–4
and is linked to improved clinical outcomes. In patients who
are near renal replacement therapy, educational interventions
increase patient disease and treatment knowledge, delay
initiation of dialysis, and extend survival.5–7 In end-stage
renal disease patients, more disease knowledge is associated
with increased use of preferred hemodialysis access types,8
and increased participation in self-management behaviors.9
Studies that have descriptively examined kidney disease
knowledge of patients are useful because they identify areas
of low knowledge and inform educational inter-
ventions. However, studies vary in the types of knowledge
measured. Some focus on patients’ perceptions of
what they know about kidney disease (perceived knowl-
edge),10,11 and others examine what patients actually
know (objective knowledge).5,9,12–14 Conclusions about the
effect that low knowledge has on outcomes often imply
that these two measures of knowledge are the same—most
often assuming that perceived knowledge sufficiently repre-
sents actual knowledge. But the extent of the relation-
ship between perceived and objective CKD knowledge is
unclear, and research indicates that the impact of different
types of knowledge on behaviors15 and patient outcomes16
may vary.
In addition, little information is available describing
the specific impact that provider communication has on
either type of patient kidney disease knowledge. Recent data
examining audio recordings between primary care providers
and patients at risk for CKD reveal that discussion rarely
focuses on the topic of kidney disease.17 The findings suggest
that low patient awareness and knowledge about CKD are
due, at least in part, to lack of specific provider commu-
nication on the topic. When effective communication does
occur, however, it significantly increases patient knowl-
edge about medication risks18 and treatment benefits.19
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Furthermore, effective patient–provider communication in-
fluences patient satisfaction with care,20 which significantly
contributes to treatment adherence.21
In patients with kidney disease, unanswered questions
remain about the types of knowledge important to patient
outcomes, and the relationship of knowledge to patient
satisfaction with provider communication. This cross-
sectional study captured concurrent measures of patient
knowledge and patient satisfaction. The aim of the study
was to develop and validate a measure of perceived knowl-
edge in patients with CKD who are not yet receiving
renal replacement therapy. We then examined our measure of
patient perceived knowledge for associations with objec-
tive kidney knowledge and patient satisfaction with their
provider’s interpersonal and communication skills. We
hypothesized that perceived knowledge would be low in
patients with CKD, but that higher perceived knowledge
would be associated with higher objective knowledge and
more satisfaction with provider communication.
RESULTS
Participant characteristics
Of the 604 patients asked to participate, 406 agreed to
complete the Perceived Kidney Disease Knowledge Survey,
that is, PiKS (67% response rate). Sex and age data on the
nonresponders were available, and there were no differences
in these demographics compared with responders. Of the 406
participants enrolled, 5 withdrew for the following reasons:
illness (2 patients), patient did not have time (2 patients),
and 1 patient did not want to finish. Of the 401 remaining
patients, 399 answered X7 of the 9 perceived knowledge
items, and were included in the final analysis. The patient
characteristics are presented in Table 1.
Perceived kidney knowledge survey
Factor analysis revealed one underlying subscale for PiKS
(Eigen value¼ 4.9), with the factor loadings ranging from
0.63 to 0.84. This means that PiKS variation was primarily
accounted for by one underlying construct, which we defined
as ‘perceived kidney disease knowledge.’ We further evaluated
the PiKS for internal consistency and found that the
reliability coefficient (a) was 0.91, considered in the range
of excellent.24 The median (interquartile range (IQR)) of
PiKS score was 2.56 (2.11, 3.00).
Table 2 lists responses to individual PiKS items. The
majority of participants felt that they had a ‘good amount’ or
‘a lot’ of knowledge about why they were sent to a kidney
doctor (75%), how kidney function is checked by a doctor
(64%), and their goal blood pressure (77%). More than
50% of the participants reported that they had little or no
knowledge about medications that help the kidney (72%),
medications that hurt the kidney (63%), foods that should be
avoided in case of low kidney function (61%), symptoms of
CKD (61%), and functions of the kidney (51%). Additional
details showing box plots and frequencies of the responses
for each PiKS item are shown in Figure 1.
Table 1 | Participant characteristics
Characteristic N
Median (IQR)
or n (%)
Age, years 399 58 (46, 67)
Sex 399
Female 187 (47%)
Male 212 (53%)
Education 399
High school and greater 374 (94%)
Less than high school 25 (6%)
Race 399
Non-white 68 (17%)
White 331 (83%)
Average eGFRa, ml/min per 1.73m2 399 41 (28, 57)
Stage of CKD 399
CKD stages 1 and 2 92 (23%)
CKD stage 3 194 (49%)
CKD stages 4 and 5 113 (28%)
Number of kidney doctor visits past 1 year 399
p2 visits 168 (42%)
X3 visits 231 (58%)
Income, in thousands per year 379
p$25,000 70 (18%)
$25,001–$55,000 128 (34%)
4$55,000 181 (48%)
Know someone with CKD 397
No 196 (49%)
Yes 201 (51%)
Attending code 399
1 113 (28%)
2 71 (18%)
3 126 (32%)
4 46 (12%)
5 43 (11%)
Health literacy 399
X9th-grade level 328 (82%)
o9th-grade level 71 (18%)
Attendance in kidney education class 399
Did attend a class 67 (17%)
Did not attend a class 332 (83%)
Awareness of kidney problem 399
Not aware 26 (7%)
Aware 373 (93%)
Awareness of CKD diagnosis 399
Not aware 122 (31%)
Aware 277 (69%)
Perceived Kidney Knowledge summary
score (on a scale of 1–4)
399 2.56 (2.11, 3.00)
Kidney Knowledge score (% total correct) 399 68% (57, 75)
Provider communication satisfaction
summary score (on a scale of 1–5)
398 5 (4.51, 5.00)
Provider communication satisfaction responses 398
All excellent ratings 221 (56%)
Not all excellent ratings 177 (44%)
Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular filtration
rate; IQR, interquartile range; N, number of total nonmissing values; n, number of
responses.
aUsing the four-variable Modification of Diet in Renal Disease (MDRD) equation.22,23
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Associations with perceived kidney knowledge
Table 3 shows the unadjusted associations of PiKS summary
score with participant characteristics, including objective
knowledge and patient satisfaction with provider commu-
nication. Increasing age was significantly associated with
decreasing perceived knowledge (Spearman correlation
0.17, Po0.001). Women had higher PiKS scores than
men (median (IQR) 2.67 (2.22, 3.11) for women vs 2.44
(2.00, 2.89) for men; P¼ 0.006). In addition, PiKS score
was significantly associated with income, education, health
literacy, attending code, knowing someone with kidney
disease, awareness of kidney problem, attendance in kidney
education class, average estimated glomerular filtration rate
(eGFR), and CKD stage. Perceived knowledge was also
associated with objective knowledge (Kidney Disease Knowl-
edge Survey (KiKS); Spearman’s correlation 0.32; Po0.0001)
as well as satisfaction with provider communication (Com-
munication Assessment Tool (CAT); 0.15; P¼ 0.003). Neither
race nor number of doctor visits were associated with
overall perceived knowledge.
We performed adjusted analysis to examine which vari-
ables were independently associated with overall perceived
kidney knowledge. We found that older age (b¼0.11, 95%
confidence interval (0.15, 0.07); Po0.001 per 10 years),
male sex (0.13 (0.24, 0.025); P¼ 0.02), higher average
eGFR (0.02 (0.03, 0.005); P¼ 0.03 per 5 ml/min per
1.73 m2), not attending CKD education class (0.42 (0.58,
0.26); Po0.001), and less than ninth-grade health literacy
(0.21 (0.36, 0.06); P¼ 0.006) were independently
associated with less overall perceived knowledge. A house-
hold income of 4$55,000 per year compared withp$25,000
was associated with higher perceived knowledge (0.18 (0.004,
0.36); P¼ 0.046) as well as knowing someone else with
kidney disease (0.19 (0.07, 0.31); P¼ 0.002). Years of educa-
tion and number of doctor visits were not significantly asso-
ciated with perceived kidney knowledge. Subgroup analysis
of patients with an eGFR o60 ml/min per 1.73 m2 revealed
similar associations.
Associations with communication satisfaction
We examined associations between patient satisfaction
with provider communication (CAT score as a continuous
variable) and other patient characteristics including PiKS and
KiKS. As shown in Table 1, the median (IQR) of the CAT was
5.0 (4.5, 5.0), and 56% of the participants provided ‘excellent’
ratings to all questions. In unadjusted analyses, CAT was only
significantly associated with PiKS score (Table 4).
In adjusted analysis, patients of older age (OR 1.21, 95%
confidence interval (1.08, 1.35); P¼ 0.001 per 10 years),
higher eGFR (1.03 (1.01, 1.05); Po0.001 per 5 ml/min per
1.73 m2), and higher PiKS (2.13 (1.59, 2.86); Po0.0001
per 1.0-unit increase) were likely to have higher odds of
being satisfied with communication with their provider.
These associations were also adjusted for gender, race, health
literacy, income, number of provider visits, and objec-
tive kidney knowledge. Patient satisfaction with provider
communication was not associated with race, health literacy,
Table 2 | Perceived Kidney Knowledge Survey item responses
Perceived Kidney Knowledge Survey item N n (%) of patients reporting little or no knowledge
Knowledge of medications that help the kidney 396 285 (72%)
Knowledge of medications that can hurt the kidney 396 248 (63%)
Knowledge of foods to avoid if kidney function is low 396 240 (61%)
Knowledge of blood pressure goal 393 89 (23%)
Knowledge of treatment options if kidney function gets worse 393 193 (49%)
Knowledge of symptoms of chronic kidney disease 395 240 (61%)
Knowledge of how kidney function is checked 396 144 (36%)
Knowledge of the functions of the kidney 398 201 (51%)
Knowledge of why patient was sent to a kidney doctor 398 96 (25%)
N indicates the number of nonmissing values.
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Figure 1 |Graphical summary of perceived knowledge—
itemized and overall. The upper graph presents box plots
(median in bold line and interquartile range as top and bottom of
box) for each Perceived Kidney Knowledge Survey (PiKS) question,
with a box plot of the total PiKS summary score at the far right.
The box and whisker plots present 0.05 and 0.95 percentiles. The
bottom graph presents frequencies of each possible response
(1, 2, 3, or 4) for each PiKS question, with the rightmost distribution
representing the distribution of total PiKS survey scores.
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income, or number of provider visits. Interestingly, in
adjusted analysis, higher objective knowledge scores were
associated with lower odds of satisfaction with provider
communication (0.91 (0.84, 0.98); P¼ 0.015, per 10%
increase in KiKS).
DISCUSSION
Similar to objective knowledge, perceived kidney disease
knowledge is very limited in patients established within
nephrology care, and shows similar associations with patient
characteristics.14 Particularly striking is the fact that nearly
three-quarters of patients feel that their knowledge about
medications that can help the kidney is limited, and
two-thirds are not confident in their understanding about
medications that harm the kidney, foods to avoid in case
of low kidney function, or symptoms of CKD. Although 58%
of participants had seen a kidney doctor at least three times
in the past year, 25% reported that they knew little or nothing
about why they were sent to a kidney doctor. In addition, the
characteristics that put patients at risk for low perceived
knowledge are nearly identical to objective knowledge.14
Interestingly, although the two types of knowledge share
these similarities, their low–moderate association indicates
that they are not one and the same. In fact, the 0.32
correlation between the PiKS and the KiKS indicates that they
only share B10% common variance. Our observations of
their unique and opposite associations with patient satis-
faction further suggest that important distinctions exist
between the two. Thus, in our study, perceived knowledge
and objective knowledge appear largely to be two separate
constructs.
Our study findings are consistent within the context of
current literature where similarly designed research is found
outside medicine. In one study exploring the associations
between types of military knowledge in youths, perceived and
objective knowledge scores showed a correlation of r¼ 0.29
(Po0.01).15 Whereas perceived knowledge influenced pro-
pensity (inclination for enlistment in the military), only
factual knowledge was associated with actually joining.
Similar to military knowledge, perceived and objective
knowledge within the medical context are moderately
associated,25,26 and appear to contribute differently not only
to actions, but potentially to outcomes as well. Studies in
adolescents exploring the relationship between knowledge
and sexual behavior show that both perceived and objective
knowledge serve as antecedents to predicting safer sex
practices.16,27 Higher perceived knowledge is associated with
safer sex practice and more confidence in the ability to take
actions to prevent sexually transmitted disease.27 Perhaps
most interesting is the research showing that those with low
objective knowledge about appropriate condom use along
with high perceived knowledge are three times more likely
not to use condoms during sex than those with other levels of
objective and perceived knowledge.16 Recent work in patients
with common medical conditions showed that there was no
relationship between medical knowledge and perceptions of
being well informed.28 Collectively, these studies indicate that
perceived and objective knowledge are both important and,
at best, moderately associated. However, they have an impact
at different steps in the process of executing behaviors and,
depending on their interactions, may have opposite effects on
patient outcomes.
Table 3 | Unadjusted associations between PiKS and patient
characteristics, including KiKS, and CAT
Characteristics—categorical
PiKS median
(IQR) score P-value
Sex 0.006
Male 2.44 (2.00, 2.89)
Female 2.67 (2.22, 3.11)
Race 0.89
Non-White 2.59 (2.22, 2.89)
White 2.56 (2.11, 3.00)
Attending code 0.017
1 2.44 (2.22, 2.89)
2 2.25 (2.00, 2.87)
3 2.63 (2.22, 3.11)
4 2.59 (2.11, 2.89)
5 2.89 (2.28, 3.06)
Know someone with CKD? o0.0001
No 2.33 (2.00, 2.80)
Yes 2.67 (2.22, 3.11)
Aware of kidney problem? o0.001
No 2.22 (1.89, 2.49)
Yes 2.56 (2.11, 3.00)
Aware of ‘chronic kidney disease’? o0.0001
No 2.22 (1.89, 2.62)
Yes 2.67 (2.22, 3.11)
Education 0.027
oHigh school 2.33 (2.00, 2.67)
XHigh school 2.56 (2.11, 3.00)
Number of kidney doctor visits past 1 year 0.081
p2 2.44 (2.47, 3.44)
42 2.56 (2.12, 3.00)
Attendance in kidney education class o0.0001
Yes 2.89 (2.47, 3.44)
No 2.44 (2.11, 2.89)
Characteristics—continuous/ordinal
Spearman’s
correlation P-value
Age, years 0.17 o0.001
Average eGFRa, ml/min per 1.73m2 0.14 0.005
CKD (stages 1 to 2, 3, and 4 to 5) 0.11 0.031
Income (p$25,000, $25,001–55,000,
and 4$55,000)
0.17 0.001
Health literacy 0.19 o0.0001
KiKS score 0.32 o0.0001
Satisfaction with provider communication (CAT) 0.15 0.003
Abbreviations: CAT, Communication Assessment Tool; CKD, chronic kidney disease;
eGFR, estimated glomerular filtration rate; IQR, interquartile range; KiKS, Kidney
Knowledge Survey; PiKS, Perceived Kidney Knowledge Survey.
aUsing the four-variable Modification of Diet in Renal Disease (MDRD) equation.22,23
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There have been several initiatives effective in improving
kidney disease knowledge. The Kidney Early Evaluation
Program (KEEP) is a screening program shown successful in
identifying people with poorly controlled CKD risk factors
and reduced kidney function.29 This program enables people to
gain insight about risk factors and, potentially, knowledge of
a CKD diagnosis. In addition, the National Kidney Disease
Education Program (NKDEP) has developed tools that
clinicians can use in practice with patients to optimize
communication about CKD.30 Worldwide efforts are promi-
nent as well, both for CKD screening and providing health
education to patients, as exemplified by the International
Society of Nephrology’s ‘Program for Detection and Manage-
ment of Chronic Kidney Disease, Hypertension, Diabetes,
and Cardiovascular Disease in Developing Countries’.31 The
potential benefits of these programs are many, including
mitigating and preventing CKD by increasing patient aware-
ness and objective knowledge. Our study revealed an interest-
ing association of higher perceived knowledge with attendance
in one kidney-specific education session. Although this session
targets increasing patient objective knowledge about disease
and how to manage it, positive reinforcement and recognition
techniques are incorporated into these visits. Such techniques
reinforce patient confidence, which is both associated with27
and mediated by32 perceived knowledge, and which has been
shown to have positive associations with optimal self-care
behaviors in dialysis.33 Proactive endorsement by providers to
patients using recognition, goal setting, and positive reinforce-
ment techniques are promoted to improve health care in
chronic illness.34 Physician–patient communication incor-
porating these techniques could be used to increase knowledge,
both objective and perceived, in patients with CKD.
Our study showed a positive relationship between perceived
knowledge and satisfaction with provider communication,
but a negative relationship was observed between satisfaction
and objective knowledge. The reason for this is not entirely
clear, but research in cancer indicates that more factual
knowledge has a distressful psychological impact on
patients.35 Possibly, similar feelings of stress and anxiety
occur when patients gain insight and knowledge about CKD.
In turn, this may leave them less satisfied with communi-
cation on the topic. It is also conceivable that providers use
the same educational approach with every patient and fail
to recognize the heterogeneity in objective knowledge of their
patient population. This in turn might lead to inadequate
communication with patients who have higher objective
knowledge but, perhaps, too sophisticated an approach
with ones who have less objective knowledge. In any case,
these findings highlight the importance of assessing disease
knowledge level of patients before any intervention requiring
provider communication. It also suggests that a person’s
perception of their knowledge and what they actually know
are not the same construct as revealed by very different
associations with satisfaction.
Finally, our research has implications to existing and
future studies examining the impact that educational inter-
ventions have on clinical outcomes. Although increased
patient kidney disease knowledge is associated with improve-
ments in dialysis patients, these associations are not large,6
and research in other chronic diseases show findings that
are equivocal.36 Perhaps, it is the differences in the types
of knowledge, or the fact that not all types are measured, that
contribute to inconsistent findings of knowledge as a strong
predictor of patient outcomes. Our study highlights the
importance of accurately measuring and clearly defining all
types of knowledge in this type of research.
There are limitations to this study. First, it is a cross-
sectional assessment whereby all survey questions were given
Table 4 | Unadjusted and adjusted models of association of CAT with patient characteristics, using proportional odds logistic
regression
Patient characteristic Unadjusted odds ratio (CI) P-value Adjusted odds ratio (CI) P-value
Age, per 10-year increase 1.10 (0.96, 1.26) 0.16 1.21 (1.08, 1.35) 0.001
Sex, female vs male 1.15 (0.72, 1.85) 0.57 1.10 (0.64, 1.90) 0.74
Race, non-white vs white 0.69 (0.48, 1.01) 0.06 0.78 (0.56, 1.08) 0.14
eGFRa, per 5ml/min per 1.73m2 0.99 (0.97, 1.02) 0.61 1.03 (1.01, 1.05) o0.001
Yearly household annual income
p$25,000 vs 4$55,000 0.74 (0.54, 1.02) 0.06 0.95 (0.57, 1.60) 0.85
$25,000–$55,000 vs 4$55,000 0.94 (0.75, 1.17) 0.57 0.98 (0.78, 1.22) 0.85
Health literacy level
o9th grade vs X9th grade 0.86 (0.50, 1.48) 0.58 1.00 (0.44, 2.26) 0.99
Kidney doctor visits
p2 in the past year vs X3 1.06 (0.70, 1.61) 0.78 1.09 (0.71, 1.68) 0.70
KiKS, per 0.1 (10%) increase 0.97 (0.90, 1.05) 0.50 0.91 (0.84, 0.98) 0.015
PiKS, per 1-unit increase 1.75 (1.28, 2.38) o0.001 2.13 (1.59, 2.86) o0.0001
Abbreviations: CAT, Communication Assessment Tool; CI, confidence interval; eGFR, estimated glomerular filtration rate; KiKS, Kidney Knowledge Survey; PiKS, Perceived
Kidney Knowledge Survey.
aUsing the four-variable Modification of Diet in Renal Disease (MDRD) equation.22,23
Model adjusted for age, sex, race, eGFR, income, health literacy, kidney doctor visits, KiKS, and PiKS.
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to the participant to answer at one visit, and thus causality
cannot be inferred. Temporally, the objective knowledge
questions were administered before the questions related to
perceived knowledge and patient satisfaction; feasibly, diffi-
culty in answering objective knowledge questions could have
influenced one or both of the other measures (PiKS and CAT).
Although this design artifact was not intentional, we believe
that this strengthens our study findings. The observation of
the two types of knowledge as largely different measures
becomes even more valid when we acknowledge that the
positive correlation between the two might be inflated because
of a design artifact. If temporal sequence of questions
influenced CAT scores, then the negative association observed
could be diluted. Second, our study population is derived from
several nephrology clinics within one tertiary referral center.
Although race, sex, and age are very similar to patients with
CKD in the US population,37 the results may not be
generalizable to patients seen in other practice settings, or in
patient populations with end-stage renal disease. This survey
was not designed to capture knowledge in patients who may
also face language barriers, where there may exist greater risk
for lower disease knowledge. Third, there may be a question
as to whether the topics within our measures of perceived
and actual knowledge were related, thus contributing to
unexplained variance between them. We attempted to max-
imize overlap in their content by developing the questions in
concert. We concurrently delivered the measures to eliminate
the potential impact of temporal changes in either type of
knowledge measured. Fourth, the CAT evaluates general
satisfaction with overall communication during the visit, and
it is feasible that not all dialogs were specific to CKD. Finally,
there was limited variability in the CAT scores, with over half
the participants showing a ceiling effect, thus also potentially
attenuating the correlations with the two knowledge measures.
In conclusion, our study presents a valid measure of
perceived kidney disease knowledge in patients with CKD,
revealing much opportunity for improvement. Supporting
our original hypothesis, we observed that perceived knowl-
edge is positively associated with objective knowledge, and
that the two types of knowledge are similar in many ways.
However, of particular interest is the fact that the asso-
ciation between the two types of knowledge is not as high as
originally anticipated. Additionally, perception of what one
knows about the disease is important but does not exhibit the
same associations as objective knowledge, as evidenced by
their very different relationships with the outcome, that is,
patient satisfaction with communication. More research is
needed in the area of patient disease-specific knowledge to
inform and optimize our educational efforts along with
examination of the impact that these educational interven-
tions have on outcomes.
MATERIALS AND METHODS
Study design, measures, and procedures
This cross-sectional study was designed to capture concurrent
measures of patients’ perceptions of their knowledge (perceived
knowledge), patients’ objective disease knowledge, and patient
satisfaction with provider communication. Patients at one academic
nephrology clinic were asked to complete a paper-and-pencil survey
after their routine clinic appointments. The survey included nine
questions on perceived knowledge (see Appendix online). To create
the perceived knowledge questionnaire, we first reviewed existing
knowledge surveys used with patients with chronic diseases,
including advanced CKD.5,8,11,13,38–40 We then developed an initial
list of items relevant to areas important in CKD management. These
items were also designed to align with topic areas and questions in
an existing objective survey of actual kidney disease knowledge.
Initially, there were 12 perceived knowledge questions. We convened
experts from different disciplines involved with CKD care to
evaluate questions for face and content validity. After an iterative
process of feedback from our expert panel, a final perceived kidney
knowledge survey of nine items was administered, where patients
subjectively rated their perceived knowledge for each of the nine
items on a scale from 1 (‘I don’t know anything’) to 4 (‘I know a
lot’). Additional data were collected, including a previously validated
measure of objective knowledge, KiKS,14 and a measure of patient
satisfaction with provider communication, the Communication
Assessment Tool (CAT).41 The CAT is a 15-item scale measuring
patient satisfaction with physician interpersonal and communica-
tion skills, and uses a 5-point response scale ranging from 1 (‘poor’)
to 5 (‘excellent’). The CAT assessed the nephrology doctor’s
communication for the visit, including questions about whether
the patient felt they received adequate information, whether the
information was clearly understood, whether the patient felt
involved in management decisions, and a rating of the interpersonal
skills of the physician. Our patients may attend a specific kidney
education class, where they learn information about CKD, nutrition,
and have individualized discussion provided by an educator, and we
asked patients if they had participated in this class. Literacy was
assessed before administration of the survey using the Rapid
Estimate of Adult Literacy in Medicine (REALM), a measure of
word recognition and pronunciation that exhibits high correlation
with reading comprehension.42
Each attending physician in the nephrology clinic was assigned a
unique code; however, additional provider characteristics were not
collected. The majority of participants (89%) were seen by four
attending physicians, coded 1–4. Code 5 (‘other’) designated the five
other attending doctors who saw the remaining participants.
Study population
Patients at least 18 years of age, with established CKD stages
1–5, were enrolled from April through October 2009. Inclusion
criteria included a diagnosis of CKD stages 1–5 as defined by
National Kidney Foundation Kidney Disease Outcomes Quality
Initiative (NKF K/DOQI) guidelines and the ability to speak and
read English.43 Patients completed at least one other visit with a
nephrologist in the nephrology clinic before enrollment. Patients
who were receiving dialysis or who had a working kidney trans-
plant were excluded from the study. In addition, patients with a
pre-existing cognitive or vision impairment were also excluded.
The Vanderbilt Institutional Review Board approved the study, and
informed consent was obtained from all participants. Participants
were offered $10.00 (USD) for completion of the study.
Statistical analysis
Descriptive statistics were calculated as median and IQR for conti-
nuous variables, or frequency (%) for categorical variables. Stage of
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CKD was determined using laboratory serum creatinine and urinary
protein measurements abstracted from the medical record.
The four-variable Modification of Diet in Renal Disease (MDRD)
equation was applied to calculate eGFR.22,23 Where available, patient
eGFR was an average taken from the two laboratory values most
recent to the patient visit. When only one value was available, this
value was used as the patient’s eGFR.
We evaluated the nine-item perceived knowledge survey in the
following manner. An overall PiKS score was created by calculating
an average of the patient’s ratings among items answered. Factor
analysis allows us to examine whether more than one latent variable
underlies a set of items (questions), and we used principal factor
analysis to determine whether there were separate sub-scales in our
survey or whether all nine items loaded on a single factor.24
Reliability for the final nine-item perceived kidney knowledge survey
was calculated using Cronbach’s a, a measure of internal consistency
for surveys with interval or ordinal responses.24 We established
evidence of construct validity by defining a priori the patient
characteristics that we hypothesized to be associated with kidney
disease perceived knowledge (Figure 2).
The KiKS score (objective knowledge measure) was calculated as
the percentage of correct responses on the 28-item objective kidney
knowledge test.14 The CAT was analyzed as follows: first, a summary
score was calculated by summing the patient responses and dividing
by the total number of questions answered. The result is displayed as
median (IQR). Second, a categorical variable was created by dividing
participants into two groups: (1) those patients answering ‘excellent’
to all 15 questions or (2) those who did not. We created this second
categorical variable because the original investigators who developed
the CAT suggested that it was more useful, descriptively, to
categorize the variable in this manner.41
To examine the association between PiKS and patient character-
istics, the Kruskal–Wallis test was used for categorical variables, and
Spearman’s rank-order correlations were calculated for continuous
and ordinal variables. The independent effects of age, gender, race,
education, average eGFR, doctor visits, income, knowing someone
with CKD, taking a kidney education class, and health literacy were
assessed in multivariable linear regression using the generalized
estimating equation method with Huber–White robust sandwich
estimator and exchangeable correlation structure44 to account for
clustering in outcome for patients by the attending physician.
Residuals of the generalized estimating equation regression were
checked for normality, and all covariates were selected a priori and
retained in the model regardless of statistical significance.
Additional exploratory analyses were performed examining
adjusted effects on CAT of a priori-defined patient characteristics,
including age, gender, race, average eGFR, number of doctor visits,
income, health literacy, and PiKS and KiKS scores. Because the
CAT was heavily skewed, the analysis was performed using propor-
tional odds logistic regression with Huber–White robust sandwich
estimator to account for clustering by types of attending physician.
Findings with a two-sided P-value of p0.05 were considered
statistically significant. Factor analysis and reliability calculations
for the PiKS were assessed using STATA version 10.0 (College
Station, TX). All other statistical calculations were performed using
R software version 2.12.0.
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APPENDIX
PERCEIVED KIDNEY KNOWLEDGE SURVEY (PIKS)
Please choose the response that most closely reflects HOW MUCH KNOWLEDGE YOU HAVE about each kidney topic:
I don’t know
anything (1)
I know a little
amount (2)
I know a good
amount (3)
I know
a lot (4)
1. Medications that help the kidney & & & &
2. Medications that hurt the kidney & & & &
3. Foods that should be avoided if a person has low kidney function & & & &
4. Your goal blood pressure & & & &
5. Understanding treatment options if kidney function gets worse & & & &
6. Symptoms of chronic kidney disease & & & &
7. How kidney function is checked by a doctor & & & &
8. The functions of the kidney & & & &
9. Knowledge about why you have been sent to see a kidney doctor & & & &
The Kidney Disease Knowledge Survey (KiKS) is available at www.ajkd.org.
Kidney International (2011) 80, 1344–1351 1351
JAW Nunes et al.: Perceived knowledge in patients with CKD o r ig ina l a r t i c l e
